Invasive plants generally have fewer aboveground pathogens and viruses in their introduced range than in their natural range, and they also have fewer pathogens than do similar plant species native to the introduced range. However, although plant abundance is strongly controlled by root herbivores and soil pathogens, there is very little knowledge on how invasive plants escape from belowground enemies. We therefore investigated if the general pattern for aboveground pathogens also applies to root-feeding nematodes and used the natural foredune grass Ammophila arenaria as a model. In the late 1800s, the European A. arenaria was introduced into southeast Australia (Tasmania), New Zealand, South Africa, and the west coast of the USA to be used for sand stabilization. In most of these regions, it has become a threat to native vegetation, because its excessive capacity to stabilize windblown sand has changed the geomorphology of coastal dunes. In stable dunes of most introduced regions, A. arenaria is more abundant and persists longer than in stabilized dunes of the natural range. We collected soil and root samples and used additional literature data to quantify the taxon richness of root-feeding nematodes on A. arenaria in its natural range and collected samples from the four major regions where it has been introduced. In most introduced regions A. arenaria did not have fewer root-feeding nematode taxa than the average number in its natural range, and native plant species did not have more nematode taxa than the introduced species. However, in the introduced range native plants had more feeding-specialist nematode taxa than A. arenaria and major feeding specialists (the sedentary endoparasitic cyst and root knot nematodes) were not found on A. arenaria in the southern hemisphere. We conclude that invasiveness of A. arenaria correlates with escape from feeding specialist nematodes, so that the pattern of escape from root-feeding nematodes is more alike escape from aboveground insect herbivores than escape from aboveground pathogens and viruses. In the natural range of A. arenaria, the number of specialist-feeding nematode taxa declines towards the margins. Growth experiments are needed to determine the relationship between nematode taxon diversity, abundance, and invasiveness of A. arenaria.
Introduction
Invasive species are a major threat to biodiversity and ecosystem processes in native communities (Rejmanek and Richardson 1996) and they may cause significant costs to the environment, economy and public health (Pimentel 2002) . Biological invaders include plants and animals (Liebhold et al. 1995) that have been introduced to novel regions intentionally or unintentionally. Relatively few introduced species become invasive, and although there are a number of features that characterize potential invaders, invasiveness is difficult to predict (Williamson 1996) . Some strategies to control invasive species are based on the enemy escape hypothesis, which assumes invasiveness to be due to the release of invasive species from their natural enemies (Keane and Crawley 2002) . Recent overviews on invasive plants (Mitchell and Power 2003) and animals (Torchin et al. 2003) have demonstrated that in their introduced ranges exotic species indeed have fewer pathogens, parasites, or viruses than in their natural range. The introduced species also have fewer of these natural enemies than do similar, native species in the introduced range. However, there are few studies on plant escape from root-feeding insects and even fewer on escape from soil pathogens or root-feeding nematodes.
Root herbivores and soil pathogens are important regulators of spatial and temporal changes in the composition of natural vegetation (Yeates 1999; Wardle 2002; Bever 2003; van der Putten 2003) . Evidence is accumulating that soil pathogens and root herbivores play important roles in controlling plant abundance (Klironomos 2002) , plant species diversity (Bever 1994; Clay 2000, 2002; De Deyn et al. 2003) , and vegetation succession (Brown and Gange 1992; van der Putten et al. 1993; De Deyn et al. 2003) . Root-feeding insects may cause dramatic decline of plant populations (Blossey and Hunt-Joshi 2003) , while effects of root-feeding nematodes vary from marked, generalized reduction in plant production (Stanton 1988) , to localized damage patches (Verschoor et al. 2001) , and their effects may depend on interactions with, for example, pathogenic soil fungi (De Rooij-van der Goes 1995; van der Putten and van der Stoel 1998). There have been biological control programs involving release of root-feeding insects, for example to control Knapweed (Centaurea maculosa) in the USA (Clark et al. 2001a, b) , although such introduced enemies also can exert negative effects on other plants (Callaway et al. 1999) . However, we know of no programs involving the release of soil pathogens or root-feeding nematodes in order to control plant invasions; the few Anguinidae (Nematoda: Tylenchida) tested parasitise aboveground plant structures (Robinson et al. 1978) .
Few studies on biological invasions have tested how these effects may have arisen (Levine et al. 2003) . Klironomos (2002) showed that five plant species introduced to North America did not accumulate soil pathogens as rapidly as did rare plants when grown in repeated monocultures. However, this study did not include the response of the introduced plants in their natural soils. Wide spacing of North American Prunus serotina (Black cherry) trees in North American forests correlates with high seedling mortality in soil from underneath parent trees Clay 2000, 2002) . Such mortality did not occur in the non-native range, where P. serotina has much higher abundance, suggesting that invasiveness of this tree is due to escape from soil pathogens (Reinhart et al. 2003) .
There are few studies on the nematode communities of invasive plants. Densities of rootfeeding nematodes were higher on the roots of the woody legume mesquite (Prosopis glandulosa) in its original range than in recently invaded desertified perennial grasslands in the Chihuahuan desert, USA (Virginia et al. 1992) . In New Zealand the invasive weed Tradescantia fluminensis had seven additional taxa of nematodes compared to reference locations without this invading species (Yeates and Williams 2001) . In South African coastal foredunes, introduced marram grass (Ammophila arenaria) shared a number of root-feeding and non-root-feeding nematode species with the indigenous beach grass Elymus distichus and the indigenous foredune grass Erharta villosa, while all root-feeding species were rather unspecialized (Knevel et al. 2004) . None of these studies, however, included a comparison with nematodes on the introduced plant species in their entire natural and introduced ranges.
We compare the root-feeding nematode community of the natural foredune grass A. arenaria in its natural range with that in areas where the grass has been introduced for the stabilization of coastal sand dunes. A. arenaria occurs naturally in north-western Europe and along the Mediterranean coast (Huiskes 1979) . Because A. arenaria is intensively planted for sand stabilization in coastal dunes, the history of introduction and spread has been well recorded. In the second half of the 19th century it was introduced to the USA (1868, where it had been introduced from Australia; Wiedemann and Pickart 1996) , South Africa (1870s; Hertling and Lubke 2000), southeastern Australia/Tasmania (before 1868; Wiedemann and Pickart 1996), and New Zealand (1873; Owen 1996) . The plant was introduced as seeds (Hertling and Lubke 1999) which may have enabled escape from root-feeding nematodes, since these are usually not vertically transmitted. In southeast Australia (Tasmania) and the USA, A. arenaria has become an invasive weed (Heyligers 1985 , Buell et al. 1995 , in New Zealand A. arenaria is considered a weed (Owen 1996) , while in South Africa, the invasive potential is supposed to be limited by water supply (Hertling and Lubke 2000) . In the USA, A. arenaria has been responsible for changing the geomorphology of the coastal dunes, which is a major reason of its negative effects on native plant species (Wiedemann and Pickart 1996) . In stabilized non-native dunes, A. arenaria is more abundant and more persistent than in stabilized dunes of its natural range.
The similar history, date, and mode of introduction of A. arenaria to all these new territories in temperate regions of the northern and southern hemispheres makes it a suitable model for comparing the taxon richness of root-feeding nematode communities. We grouped nematodes as feeding specialists and feeding generalists (Yeates et al. 1993) , which allows comparison with aboveground feeding-specialist invertebrate herbivores on invasive plants. Jobin et al. (1996) and Memmott et al. (2000) observed less feedingspecialist aboveground insects on invasive plant species. We test the hypotheses that in its natural range (1) A. arenaria has more taxa of root-feeding nematodes than in its introduced range (Mitchell and Power 2003 ; the taxon diversity hypothesis), (2) A. arenaria has more specialist feeders (i.e. sedentary, endoparasitic nematodes) than in the introduced range (Jobin et al. 1996; Memmott et al. 2000 ; the feeding-specialist hypothesis), and that (3) in its introduced range, A. arenaria has fewer root-feeding nematode taxa than do similar native species (Mitchell and Power 2003; the native species hypothesis). In addition, since the observed nematode diversity may depend on sampling intensity, we also investigated the effect of sampling intensity in one natural and in one introduced region.
Materials and methods

Terminology Geography
We distinguish the natural range (northwestern and Mediterranean Europe) and the introduced range consisting of four regions: one on the northern hemisphere (USA) and three on the southern hemisphere (South Africa, Australia/ Tasmania, and New Zealand). Within the native range and each introduced region, we have collected samples from a number of locations. Within each location, five samples were collected (only three from South Africa), which were pooled because these were pseudoreplicates; the locations were the true replicates. Locations 
Nematodes
In case of literature data, we used the list of nematode genera or species provided. We distinguished sedentary endoparasites, migratory endoparasites, and ectoparasites according to Yeates et al. (1993) , and considered semi-endo ectoparasites as ectoparasites. Sedentary endoparasites were considered as feeding specialists, because of their ability to initiate feeding structures within plant roots.
Collection of samples and identification of nematodes
Soil samples were collected from locations in Europe (the natural range) and from regions where A. arenaria had been introduced. In all regions, the nematode community was assessed in the active growth season. In Europe and the USA, we sampled in August, and in South Africa and Tasmania in October, and for New Zealand in May-June. The locations in the Netherlands and at Himatangi Beach in New Zealand were sampled year-round, and we used these data to determine possible underestimation arising from a single sampling.
From each sampling location, 300-500 g samples of soil and roots were collected from the 1-year old root layer of five A. arenaria plants. When there were similar native plant species around, soil and root samples from these native species were collected similar as from A. arenaria. In mobile (yellow) dunes, A. arenaria plants are buried each year by windblown beach sand, followed by shoot elongation and the formation of new roots (de Rooij-van der Goes et al. 1995) . The 1-year old root layer is usually well colonized by nematode taxa (van der Stoel et al. 2002) . At each sampling location, the five replicates (three in South Africa) were collected from the outer edge of single tussocks, 25 m apart along a transect parallel to the shoreline. Additional data were obtained from the literature: Scotland (Wall et al. 2002) , Poland (Kisiel 1970), The Netherlands (van der Stoel et al. 2002) , and New Zealand (Yeates 1967 (Yeates , 1968 . Root-feeding nematode species were categorized into feeding groups as was done for the sites that we have sampled ourselves and the data from each individual survey (one in Scotland and Poland and six in New Zealand) were considered as replicates.
The soil/root samples were transported by air. This procedure may have reduced the abundance of nematodes in the samples, so that we decided not to perform quantitative comparison of abundance among sampling locations. Upon arrival, the samples were stored at 4°C until nematodes were collected from the sand using an Oostenbrink elutriator and from the roots by wet funnel extraction. Roots were also inspected for the presence of cysts (females of Heterodera spp.) and root knots (induced by females of Meloidogyne spp.).
The level of nematode identification depended on the availability of suitable keys or the presence of appropriate life stages (e.g. cysts). For each location, we counted all root-feeding nematode taxa. Identifications that have been made to species level have been mentioned as such; In the cases where we did not identify to species, we have aggregated by genus for the different locations and regions, unless we were sure that the species should be different. In the latter case, we designated them as Genus a, b, etc. This procedure was designed to have the least impact on our analyses, and to reduce the size of tables.
Data analysis
To compare nematode species richness associated with A. arenaria in natural and introduced regions (hypothesis 1), we compared the number of nematode taxa present in a region by one-way ANOVA with unequal number of replicates, after testing homogeneity of variances. The numbers of root-feeding nematode taxa present at sampling locations (for example Scotland, Poland, The Netherlands, Portugal north, Portugal south, and southern France) within region (Europe) were used as replicates. In order to test if A. arenaria has more specialist feeders (i.e. sedentary, endoparasitic nematodes) than in the introduced range (hypothesis 2) we performed the same analysis for feeding specialist (sedentary endoparasites) and generalist (ectoparasites and migratory endoparasites) feeding types using the classification by Yeates et al. (1993) .
To test if in its introduced range, A. arenaria has fewer root-feeding nematode taxa than do similar native species (hypothesis 3), t-tests were applied to determine if the difference between the number of root-feeding nematode taxa on the introduced A. arenaria and numbers of taxa on the native plant species would be less than zero (P < 0.05). If the test resulted in a non-significant P-value A. arenaria had equal or higher number of nematode taxa than similar native plant species, so that hypothesis 3 should be rejected. In that case, the average of the data points would end up on or above the 1:1 line in a graph where number of nematode taxa of native plant species (x-axis) are plotted against the numbers on A. arenaria (y-axis). We performed this test for all nematode taxa, as well as for number of taxa of specialist and generalist feeding types, and did a similar test for the native region.
Results
Comparing nematode taxon diversity on Ammophila arenaria between natural and introduced ranges
The plant-feeding nematodes identified from the root zone of A. arenaria in natural and introduced regions are listed in Table 1 . There were 6 suborders, 13 families, and 17 genera in the total data set. The number of species could not be accurately determined, as it was not possible to identify all genera to species. The number of nematode taxa differed significantly among ranges (Figure 1 ; oneway ANOVA F ¼ 5.44, df ¼ 4, P ¼ 0.0034). In New Zealand, the total number of nematode taxa was significantly lower (P < 0.05) than in Europe, the USA and South Africa, while there were no significant differences in number of nematode taxa among Europe, USA, South Africa, and Tasmania (P > 0.05). Therefore, based on our level of identification the diversity of root-feeding nematodes on A. arenaria was not particularly higher in its natural range (Europe) than in most introduced regions (except New Zealand), not supporting the taxon diversity hypothesis (1).
There were significantly fewer taxa of feeding specialist nematodes in South Africa, New Zealand and Tasmania than in Europe and the USA (P < 0.05; one-way ANOVA F ¼ 15.03, df ¼ 4, P < 0.0001; means not shown). This result supports the feeding-specialist hypothesis (2), but only for the non-native regions in the southern Hemisphere, where no feeding specialists were detected in the root zone or on the roots of A. arenaria. On average the number of feeding specialist nematodes on A. arenaria in the USA was not different (P > 0.05) from that in the natural range, Europe. However, within the native range, there were fewer specialist root feeder taxa in the margins (Portugal and Mediterranean France in the south and Poland in the north) than in the centre (The Netherlands and Scotland; see Table 2 ). In the Netherlands and Scotland, there were two genera of feeding-specialist (sedentary endoparasitic) nematodes present (Heterodera and Meloidogyne), while in Portugal and southern France, there was only one genus of sedentary endoparasites (Meloidogyne in Portugal and Heterodera in Mediterranean France), and sedentary endoparasites were not detected on A. arenaria in Poland ( Table 2) .
The number of feeding generalist nematodes were significantly higher (P < 0.05) in Europe and South Africa than in New Zealand, while numbers in the USA and Tasmania were intermediate (replicates listed in Table 2 ). Distinct from the patterns for feeding specialists, some feeding generalists were present at all locations of the native range, but the identity of the species representing that genus, for example Helicotylenchus, differed among locations; in Poland, Helicotylenchus multicinctus was detected, in The Netherlands Helicotylenchus pseudorobustus, and in Portugal we found a species of Helicotylenchus that has not yet been described. Therefore, the data on feeding specialists and feeding generalists are in support of feeding-specialist hypothesis (2), but the lower number of feeding-specialist nematode taxa in the margins of the native range reduces the strength of the comparison.
Comparison of nematodes of Ammophila arenaria and similar plant species in introduced ranges
The comparison between the total number of root-feeding nematode taxa on native, similar plant species and on A. arenaria showed data points that were scattered around the 1:1 line (Figure 2a) . In the introduced range, there were not significantly fewer nematode taxa on A. arenaria than on similar native species (t 8 ¼ 0.45, P ¼ 0.667). This result is identical to the native range, where A. arenaria did not have fewer nematode taxa than adjacent Poaceae (t 4 ¼ 1.84, P ¼ 0.9298; Figure 2a) . Therefore, when considering all nematode taxa, the native species hypothesis (3) is rejected. Further analysis may elucidate to which extent A. arenaria has escaped from most its native species of root-feeding nematodes, but it obviously is not exposed to fewer nematode taxa in the introduced range.
The native species hypothesis (3) was only marginally rejected when testing for feedingspecialist (sedentary endoparasitic) nematodes (t 8 ¼ )1.84, P ¼ 0.0519; Figure 2b ). In this case, feeding specialist taxa were not found on A. arenaria in most introduced regions, except in the USA. In Tasmania, there were cyst nematodes detected in the root zone of the native Figure 2b ). The native species hypothesis (3) was rejected when comparing number of generalist feeding nematodes on A. arenaria and native plants in the introduced range (t 8 ¼ 0.78, P ¼ 0.772). Therefore, A. arenaria did not have fewer generalist feeding (migratory endoparasite and ectoparasite) nematode taxa than similar native plant species in the introduced range. In the natural range, A. arenaria also did not have fewer generalist feeding nematode taxa than adjacent Poaceae in the successional gradient in coastal foredunes (t 4 ¼ 1.41, P ¼ 0.8849; Figure 2c ).
The issue of sampling intensity around grasses in natural and introduced locations
We determined the cumulative number of plantfeeding nematode taxa found in the roots or in the root zone sand of A. arenaria and two grasses in a natural sampling location in The Netherlands (Figure 3a) . While the cumulative number of nematode taxa of the inner dune species C. epigejos was fairly constant over time, the cumulative number of nematode taxa on the beach grass Elymus farctus and on A. arenaria steadily increased with increased sampling (Figure 3a) .
The total number of nematode taxa isolated each month shows some fluctuation during the sampling period (Figure 3b ). At peak plant growth (August) there were 3 (for A. arenaria and E. farctus) or 4 (C. epigejos) fewer taxa recorded than the total number of taxa found over the entire growing season (Figure 3a) . Therefore, in general, for these three plant species a single sampling event, as has carried out for most sampling locations in the introduced regions, would have yielded only 60-77% (100 Ã [number of nematode species in August divided by the total number of nematode species observed in 1 year]) of the actual nematode taxon diversity.
For Himatangi Beach, New Zealand, one rootfeeding nematode species (Morulaimus geniculatus) was present every month, while one (Hemicycliophora halophila) was present 4 out of 12 months and the other two (Dolichodorus arenarius and Criconematidae juveniles) were present occasionally and at very low densities. Moreover, H. halophila was only found below 30-cm depth and would have been missed even given repeated sampling of the topsoil. Thus a single sampling would have the chance of missing 50-75% of all plant feeding nematode taxa present, but the same error was applied to locations in which we could control sampling intensity, by using data from peak growth season only. The exceptions to this sampling error are the literature records from Scotland and Poland, that might have produced an under-or overestimation owing to different sampling techniques, intensities, or sampling dates. 
Discussion
Mitchell and Power (2003) showed that invasive plants have fewer aboveground plant pathogen and virus species in their introduced than in natural ranges, and that invasive plants also had fewer of these pathogen species than did similar species native to the introduced ranges. Our results for root-feeding nematodes, however, did not fit into the general pattern observed for aboveground plant pathogens and viruses. Nevertheless, we found that specialist feeders (sedentary endoparasites) of A. arenaria were absent in the introduced regions in the southern hemisphere. This agrees with observations by Jobin et al. (1996) and Memmott et al. (2000) , who found fewer specialist shoot-eating insects feeders on introduced than on native plants. In the light of this, we discuss the different hypotheses, whether invasive A. arenaria may have escaped its natural root-feeding nematodes, and how this may relate to the ecology of A. arenaria in natural and introduced regions. On average, A. arenaria did not have more root-feeding nematode taxa in its natural range than in three out of four introduced regions worldwide. This leaves little support for our first hypothesis that an invasive plant may have fewer root-feeding nematode taxa in its introduced than in its natural range. The only marked reduction of the number of root-feeding nematodes was observed in New Zealand, where some classes, for example migratory endoparasitic nematodes, do not occur. The dominant native plant species in New Zealand foredunes was taxonomically quite distinct from the introduced species (in New Zealand, the dominant native species belonged to the Cyperaceae, while the introduced species belonged to the Poaceae). This conclusion confirms that of Knevel et al. (2004) who found less similarity between nematodes in the root zone of A. arenaria and South African foredune dicotyledonous plants than between A. arenaria and South African foredune grasses (Poaceae).
The second hypothesis was that in its introduced range A. arenaria would have fewer feeding specialists than in its natural range, similar to the situation for aboveground insects on some alien plant species (Jobin et al. 1996; Memmott et al. 2000) . For our feeding-specialist taxa, we used the classification of nematode feeding types of Yeates et al. (1993) and considered sedentary endoparasitic nematodes feeding specialists because of their capacity to initiate feeding structures within plant roots. In South Africa, Tasmania, and New Zealand, A. arenaria had no specialist feeders (the sedentary, endoparasitic cyst and root knot nematodes), while in the USA we found cyst nematodes. Thus, in introduced regions in the southern hemisphere A. arenaria appeared to have escaped from both feeding specialist taxa, while in the USA plants had escaped from one feeding specialist nematode taxon. Therefore, our hypothesis on fewer feeding specialists on the invasive plant species is supported in the introduced regions in the southern hemisphere, but not in the introduced region in the northern hemisphere.
In general, A. arenaria did not have fewer nematode taxa than similar native plant species in the introduced range, which is not in support of our third hypothesis. However, the comparison of feeding specialist taxa on A. arenaria and similar native species in the introduced range resulted into a close to significant effect, so that the native species hypothesis may be supported when considering feeding specialists, but not when considering feeding generalists.
In our field survey along the west coast of the USA, we also collected soil samples from Ammophila breviligulata, the American cogener of A. arenaria, natural to the east coast of North America/USA (Maun 1998). At Sunset Beach Road, Oregon, there was only one feeding specialist (Heterodera sp.) and one feeding generalist (Tylenchorhynchus; currently Neodolichorhynchus sp.), while at two locations in Delaware on the east coast of the USA, where A. breviligulata is natural, seven genera (of which at least one had two species) had been found; one sedentary, endoparasitic feeding specialist and six migratory, feeding generalists (Seliskar and Huettel 1993) . This comparison might indicate an escape of A. breviligulata from its natural root-feeding nematode community, while A. breviligulata has not been reported to be exposed to Heterodera and Tylenchorhynchus spp. in its natural range, except in lacustrine dunes along the Great Lakes in Canada (Little and Maun 1996) . However, the study by Seliskar and Huettel (1993) was more intensive than ours, and our repeated sampling throughout the year shows that one-time surveys may underestimate the actual diversity of rootfeeding nematodes in foredunes by 50-75%. Nevertheless, the spectrum of nematode taxa to which A. breviligulata is exposed in its introduced range seems quite different from that in its natural range.
In a survey on pathogens on grasses, Clay (1995) concluded that the number of pathogen species increased with grass geographic range. This conclusion may also hold for root-feeding nematodes on A. arenaria, but patterns for feeding generalists and specialists appear to be in contrast. For example the ectoparasite (feeding generalist) genus Helicotylenchus. was represented by different species in the nortern, central, and southern locations of its natural range. The sedentary endoparasites (feeding specialists) Heterodera and Meloidogyne, on the other hand, were absent in the northern extreme, and in parts of the southern extreme of the natural range of A. arenaria. Therefore, the number of root-feeding nematode taxa increased with geographic range, while the number of (feeding-specialist) taxa per site decreased towards the margins of the natural range of the host plant.
In our comparison, we have averaged the number of taxa within sampling locations and considered sampling locations within geographic regions (Europe, USA, South Africa, Tasmania, and New Zealand) as replicates. However, if the number of feeding specialists is lower at the margins than in the centre of the geographic range, as it appears to be in Europe, then averaging the number of taxa within a geographic range may reduce the power of the analysis. Therefore, future analyses might also focus on taxon variation within and between natural and introduced regions or, alternatively, compare between natural and introduced regions with similar environmental conditions, for example climate and rainfall.
A feeding specialist may not necessarily be a host specialist. In north-western Europe, the feeding specialist Heterodera arenaria occurs on both A. arenaria in the mobile (yellow) dunes (Cooper and Harrison 1973; Cook 1982; Robinson et al. 1996; Clapp et al. 2000) and on the beach grass E. farctus (C.D. van der Stoel, W.H. van der Putten and H. Duyts, unpublished results). However, the feeding specialist Meloidogyne maritima occurs only on A. arenaria (Karssen et al. 1998a ), while M. duytsi occurs only on E. farctus (Karssen et al. 1998b) . Cross-inoculation studies show that H. arenaria multiplies on both plants (van der Stoel 2001), but that both M. maritima and M. duytsi seem more host specific (W.H. van der Putten and H. Duyts, unpublished results). While H. arenaria is not aggressively reducing the growth of its host plant (van der Stoel 2001), M. maritima does so, however, not in the presence of H. arenaria and P. penetrans (E.P. Brinkman et al., submitted for publication).
It is not only the number of pathogenic species left behind in the natural territory that is important, but that there should also be information on their role in the ecology of the invasive plants (Mitchell and Power 2003) . Feeding specialist dune nematodes and feeding generalists show interspecific competition, but this did not appear to be strong enough to control the abundance of the nematodes (Brinkman et al. 2004 ). However, interspecific control among feeding specialist nematodes of A. arenaria points at non-linear effects of diversity of feeding specialists. Therefore, due to non-linear effects of nematode diversity on growth of A. arenaria (E.P. Brinkman et al., submitted for publication) the ecological consequences of reduced diversity of feeding specialist nematodes in the introduced regions cannot be directly interpreted as enemy release. On the other hand, abundance of most feeding types of nematodes in the root zone of A. arenaria (excluding H. arenaria) relates positively to growth reduction, so that reduced nematode abundance may indicate at enhanced plant invasiveness.
In natural dunes root-feeding nematodes are not the only cause of growth reduction of A. arenaria. Growth experiments with A. arenaria in South Africa (Knevel et al. 2004 ) and the USA (Beckstead and Parker 2003) have shown that the soils from these two introduced regions also produce growth-reducing potential even in the absence of feeding-specialist nematodes. These results are in agreement with studies in the natural range (van der Stoel et al. 2002) , while field densities of feeding generalists were found to have little impact on plant biomass production (de Rooij-van der Goes 1995). Therefore, further understanding of A. arenaria invasiveness will require information on escape from other soil enemies as well, such as pathogenic soil fungi.
Our study shows that plants may escape from their feeding-specialist natural root-feeding nematodes, but that they have a high chance of becoming exposed to almost as many feeding generalist nematode taxa in their introduced range. In the analysis made by Mitchell and Power (2003) , A. arenaria would fit in the category of 'intensively used plants'. These plant species had more aboveground pathogens than plants that were not intensively used. Mitchell and Power (2003) suggested that their study on aboveground pathogens and viruses may stand as a model for belowground pathogens, but that suggestion needs further verification. However, our analysis suggests that the escape pattern of invasive plants from root-feeding nematodes may be more similar to the pattern observed for aboveground herbivorous insects (Memmott et al. 2000) . Our study shows that comparisons between natural enemies on invasive plants in natural and introduced ranges requires full coverage of the entire natural and non-natural ranges, as the number of feeding-specialist nematode taxa seemed lower in the extremes than in the central part of the natural range. Future studies may need to include comparisons between, as well as within natural and introduced ranges. Data on numbers of nematode taxa on invasive plants in their natural and introduced regions are an indication of enemy escape, but the ultimate test requires that the ecological consequences of the reduced root-feeders load needs to be quantified. This does not only apply to root feeders, but also to aboveground feeders. Brinkman EP, van Veen JA and van der Putten WH (2004) 
